Introduction
Colloidal quantum-dot light emitting diodes (QD-LEDs) are promising candidates for next generation displays due to the unique properties of quantum dots (QDs), such as solutionprocessibility, high color purity, size-tunable emitting color and high quantum yield. [1] [2] [3] [4] [5] Significant advancements and improvements have been made in the development of high performance QD-LEDs. [6, 7] QD-LEDs with the highest external quantum efficiency (EQE) of ~20% have been reported, realized through optimizing both QD materials and device architectures. [7] QD-LEDs with an inverted structure, e.g., having a stack of the functional layers sandwiched between a high work function top anode and a bottom cathode, possess higher luminous efficiency and better stability. The inverted QD-LEDs also enable an easy integration with the thin film transistor backplanes for use in display applications. [8] [9] [10] Thus, much effort has been devoted to developing high efficient solution-processed inverted QD-LEDs, [10] [11] [12] [13] However, most of these QD-LEDs were made by the thermal evaporation process, [13] which is not a commercial viable approach for low-cost manufacturing.
With respect to large-area display applications, it is desirable to have not only the active layers but also the electrodes in the inverted QD-LEDs that can be formed by solution fabrication process. The development of solution processable metal oxide-based interlayers, such as molybdenum oxide (MoO3), [14] tungsten oxide, [15] zinc oxide (ZnO), [9, 14, 15] and titanium oxide, [16] has attracted increasing attention for application in QD-LEDs. The solutionprocessed electron/hole injection layers can be readily adopted using these metal oxides. [17] [18] [19] [20] [21] [22] [23] However, high quality full-solution processed top electrode is still one of the challenges the QDLEDs face today. Various solution-processable top contact materials, including metal nanowires, graphene, carbon nanotubes, conductive polymers, have been developed to replace the top metal electrode formed typically using thermal evaporation process. [24] Among these materials, poly (3,4-ethylenedioxythiophene) : poly(styrenesulfonate) (PEDOT:PSS) is one of the favorite anode choices due to its easy accessibility and suitable work function (~5.0 eV) for efficient hole injection. However, the conductivity of PEDOT:PSS-based electrode is less than satisfactory, limiting the performance of all solution-processed QD-LEDs. Lee et al. have demonstrated that the conductivity of PEDOT:PSS can be improved by adding some liquid organic compounds, e.g., ethylene glycol, N,N-dimethylformamide, and dimethyl sulfoxide. [25] The use of the organic compound additives helps to remove the PSS component, resulting in better connection between the PEDOT units. However, the addition of the organic additives generally decreases the work function of the PEDOT:PSS layer, leading to an undesirable increase in the energy barrier between the anode and the hole transport layer.
Another method for enhancing the conductivity of the PEDOT:PSS top electrode is to combine the PEDOT:PSS with a stochastic silver nanowire (AgNW) mesh to form a composite electrode. Such a bilayer composite electrode may allow for an ohmic contact between the hole transport layer and top anode, and thereby decreases the sheet resistance between the nanowires.
[26] However, the wettability of the PEDOT:PSS surface is another crucial problem for subsequent coating of a uniform AgNW contact to form a high quality PEDOT:PSS/AgNWs bilayer composite electrode. Although the wettability of PEDOT:PSS can be improved by doping isopropanol (IPA) or other surfactants, the reduction in the conductivity and work function of PEDOT:PSS is often observed. [27] Until now, the solution-processed top electrode with high conductivity and good wettability is still an open issue towards full-solution inverted QD-LEDs. 
Experimental Section
Materials. ZnO nanoparticles were synthesized following the procedure reported in a previous work. [28] High conductivity PEDOT:PSS (Heraeus-Clevios, PH1000), silver nanowires The corresponding luminance and current efficiency of two types of QD-LEDs were summarized in Table 1 The normalized EL spectra measured for the QD-LEDs with a PEDOT:PSS:s-MoO3/AgNWs composite anode and a control device with a PEDOT:PSS/AgNWs anode are shown in Figure   3c , showing a narrow emission feature with an EL peak at ~620 nm. The EL measured for both types of QD-LEDs are overlapping. The QD-LEDs with a PEDOT:PSS: s-MoO3/AgNWs composite anode possess very good visible light transparency of >70% (as shown in Figure 3d ). Figure 3d 
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Conclusions
In summary, the use of s-MoO3 additive in PEDOT:PSS anode improves its electric conductivity, work function and process wettability. The full-solution-processed inverted QD-LEDs, made with a PEDOT:PSS: s-MoO3/AgNWs composite anode, exhibit great performance improvement, e.g., having >33% increase in the maximum luminance and 27% enhancement in the luminous efficiency. These results indicate that the oxidation doping of the PEDOT:PSS by s-MoO3 NPs is mainly responsible for the improvement in performance and process compatibility of solutionprocessed inverted QD-LEDs.
